Larvae of the bryozoan Bugula neritina harbor bacterial symbionts. These symbionts were identified as a novel species of ␥-proteobacterium, based on ribosomal small-subunit rRNA gene sequences. In situ hybridization with oligonucleotides specific for the symbiont confirmed the origin of the sequence. The taxonomic status "Candidatus Endobugula sertula" is proposed for the larval symbiont.
SSU rRNA gene sequencing and analysis. The PCR products were sequenced with standard SSU rRNA primers (10) with fluorescently labeled dideoxynucleotide terminators in a standard cycle sequencing protocol (Prism ready reaction kit FS [Applied Biosystems, Inc.]) and run on an Applied Biosystems 373A automated sequencer. Both strands were fully sequenced. Sequence runs were assembled and checked for errors with MacVector version 4.5 and AssemblyLIGN software (Kodak) and then aligned on the Escherichia coli SSU rRNA secondary structure (4) to check for base pairing in helical regions. The CHECK CHIMERA program was run for the assembled sequences (11) .
Amplification of larval DNA with the eubacterium-specific primer 27f and the universal primer 1492r produced almost the entire SSU gene fragment, but a much smaller product also appeared. In order to obtain a clean sequence, most of the sequence was obtained from two additional PCR products with the primer pairs 27f-1101r and 926f-1392r, which resulted in single overlapping (165-bp) fragments. The sequences from all three products were in agreement. Double-stranded and errorchecked sequences were obtained for three Southern California (PV, TP, and SP) populations that corresponded to E. coli positions 38 to 1265 (1,221 bp); for two additional populations (BB and CI), the sequence of a smaller region (1,030 bp) was later determined with the symbiont-specific primers 240f and 1253r (Table 1) .
Phylogenetic analysis was performed with sequence alignments from the Ribosomal Database Project (RDP) (11) , supplemented with sequences from GenBank that were identified by BLAST. Most analysis trees were evaluated by maximum parsimony with PAUP (17) , with a transversion cost of 2. Three evaluation was done by using the branch-and-bound algorithm or, with large data sets, by using heuristic searches with multiple rounds of random addition of taxa. Bootstrapping analysis was used to test the significance of phylogenetic affiliations. For analysis of the relationships within the ␥-proteobacteria, PHYLIP version 3.572 was used (6) . The tree was constructed by neighbor-joining, with distances calculated by the Kimura two-parameter estimation in PHYLIP, and tested with 100 bootstrap replications with random addition of sequences.
The 1,221-bp fragment was used for phylogenetic analysis and showed that the larval symbionts are ␥-proteobacteria. Affiliation with the ␥-proteobacteria was well supported by bootstrapping 1,000 times (89% [ Fig. 1]) . The symbionts from the five populations were very closely related (Table 2 ), but the symbiont group was not closely affiliated with any group of ␥-proteobacteria in the RDP database (Fig. 2) . Oligonucleotide design. Symbiont-specific oligonucleotides (Table 1) for use in in situ hybridization and specific PCR were designed from variable regions of the SSU rRNA gene. Target sites were selected based on previous studies (2, 5) and analyzed for sequence matches with CHECK PROBE (RDP) and BLAST (GenBank). The minimum numbers of mismatches found for each oligonucleotide are listed in Table 1 . A negative control probe (Bncontrol) was designed by scrambling the sequence of one of the specific oligonucleotides (Bn1253r), thus maintaining the base composition. This scrambled probe sequence showed no significant matches to the sequences in the databases. The positive control was the EUB338 eubacterial probe (1) . Oligonucleotide probes were 5Ј end labeled with biotin or fluorescein.
Testing of oligonucleotide specificity. Probes were hybridized to whole cells from the two bacterial strains found to match the probe sequence, but with two mismatches (Table 3) :
Pseudomonas aeruginosa (ATCC 25330) and Oceanospirillum kriegii (ATCC 27133). The sequences of these test strains were checked by sequencing the portions of the SSU rRNA gene that the probes should have matched. An additional mismatch was found in the P. aeruginosa strain. These strains were grown overnight in the appropriate medium and then fixed in 4% paraformaldehyde-0.1 M MOPS (morpholinepropanesulfonic acid)-buffered saline (pH 7.4). The hybridization protocol was adapted from that used by Holland et al. for whole-larva hybridizations (8) . For consistency, hybridization conditions for bacterial cells were the same as those used in the whole-larva hybridizations. Bacterial cells in suspension were treated with proteinase K, refixed, treated with acetic anhydride, washed with buffer, and then resuspended in prehybridization buffer (1 mg of total RNA per ml, 100 g of heparin per ml, 10% formamide, 5ϫ SSC [1ϫ SSC is 0.15 M NaCl plus 0.015 M sodium citrate], 0.1% Tween 20, 5 mM EDTA, and 1ϫ Denhardt's solution) and incubated at the hybridization temperature for 30 min to 1 h.
Fluorescein-labeled probe was added to a concentration of 2 ng/l, and samples were heated to 55°C and then incubated for 2 to 4 h at the hybridization temperature. Hybridization temperatures tested ranged from 42 to 55°C in increments of approximately 3°C. Each wash was conducted twice for 15 min as follows: high-stringency wash solution 1 was 10% formamide, 5ϫ SSC, and 1% sodium dodecyl sulfate; wash solution 2, used at 37°C, was 10% formamide, 2ϫ SSC, and 1% sodium dodecyl sulfate; wash solution 3, used at room temperature, was 10% formamide, 2ϫ SSC, and 0.1% Tween 20. The highstringency wash temperatures varied depending on the hybridization temperature. The cells were suspended in Vectashield (Vector) mounting media and viewed under epifluorescence. The eubacterial probe bound to the test cells at all hybridization temperatures. The Bn1253r probe did not bind. 
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In situ hybridization of larvae. Larvae for in situ hybridization were fixed in 4% paraformaldehyde-0.1 M MOPS (pH 7.4)-0.5 M NaCl. Fixed larvae were either used immediately or stored in 70% ethanol at Ϫ20°C. The fixed larvae were treated with proteinase K (Boehringer Mannheim), refixed in 4% paraformaldehyde, treated with acetic anhydride in 0.1 M triethanolamine, washed with buffer, and incubated in hybridization buffer (described in previous section) at 55°C for 1 h. Biotinylated probes were added in fresh hybridization buffer at a concentration of 2 ng/l. The samples were heated to 55°C for 5 to 10 min and then incubated at 43°C for 4 to 6 h. Washes were as described above, with solution 1 at 47°C, solution 2 at 37°C, and solution 3 at room temperature. Probes were detected by visualization of dark brown precipitate with horseradish peroxidase conjugated to avidin (Pierce ABC detection kit) and metal-diaminobenzidine as the substrate (Pierce). Reaction mixtures were allowed to incubate until the signal was sufficient; then reactions were stopped by dilution with buffer, and samples were rinsed, refixed, and mounted for light microscopy.
The eubacterial probe bound to the bacteria in the pallial sinus (Fig. 3D) ; bacteria outside the pallial sinus were rarely observed. The specific probe Bn1252r bound to the bacteria in the pallial sinus under hybridization conditions that did not permit binding to the test strains (Fig. 3C) . The negative control probe Bncontrol did not bind under the hybridization conditions used for the specific probe, nor was there any endogenous peroxidase signal detected in the pallial sinus (Fig.  3B) .
Cultivation of associated bacteria. Larvae were washed with autoclaved seawater three to five times and used to culture associated bacteria by either homogenization and dilution plating or smearing of individual larvae on plates. The medium contained 1% peptone, 0.1% yeast extract, 3.7 mM succinate, 4 mM MgSO 4 , and 1.5% agar in 75% seawater at pH 7.2 (16). Plates were incubated aerobically at 18°C, and single colonies were isolated and maintained. There were relatively few bacteria associated with the larvae that could be isolated on the medium used. Typically, a variety of colony types was observed at densities of approximately 1 to 5 CFU per larva.
Specific PCR assay of associated bacterial isolates. Symbiont-specific oligonucleotides 240f and 1253r were used with a temperature profile for specific PCR of 94, 53, and 72°C for 1 min each. DNA (10 ng) from cultures of associated bacteria was amplified with the universal eubacterial primers 27f and 1492r as a positive control, and the symbiont-specific pair to test for identity as the symbiont. B. neritina larval DNA (200 ng) was used as a positive control for amplification with the symbiont-specific primer pair.
DNA was extracted and amplified from 15 representative strains; all tested negative for symbiont identity (Fig. 4) .
We have obtained SSU rRNA sequences from the bacterial symbionts in the pallial sinus of B. neritina larvae, and phylo- genetic analysis reveals this symbiont to be a novel ␥-proteobacterium. The positive results of in situ hybridization with specific probes derived from the sequence confirm that the sequence is from bacteria in the pallial sinus. The results strongly suggest that a single organism is present in the pallial sinus. For three different B. neritina populations, we obtained a clean (uncontaminated) sequence from directly sequenced PCR products amplified with universal bacterial primers, which would give an unreadable sequence if a significant number of additional bacteria were present. In addition, in situ hybridization with the eubacterial probe, which would bind to all bacteria present, gave results indistinguishable from those given by the symbiont-specific probe. The organism was not readily cultivated, suggesting that it may require specialized conditions for isolation. Closely related strains of this organism were found in all five populations of B. neritina examined, indicating that this is a specific association. We propose the taxonomic status of Candidatus (12) for the larval symbiont of B. neritina with the following description: "Candidatus Endobugula sertula" [(␥-Proteobacteria) NC; gram negative; R; NAS (GenBank no. AF06607), oligonucleotide sequence complementary to unique region of 16S rRNA Table 1. 5Ј-CATCGCTGCTTCGCAACCC-3Ј; S (Bugula neritina, pallial sinus of larvae); M].
Nucleotide sequence accession numbers. Sequences reported herein have been assigned GenBank accession numbers: strain BnSP, AF06606; strain BnPV, AF06607; strain BnTP, AF06608.
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